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HIGH TEMPERATURE OLEOPHOBIC 
MATERIALS 

FIELD OF THE INVENTION 

[0001] This invention relates to materials that are gas 
permeable, oleophobic, and resistant to penetration by liq 
uids. More particularly, this invention relates to gas perme 
able materials that are resistant to penetration by liquids, and 
that are oleophobic at high temperatures. 

BACKGROUND 

[0002] There is a need for gas permeable materials, that 
are resistant to penetration by liquids and that are also 
oleophobic. There is also a need for gas permeable, liquid 
impermeable, oleophobic materials that are capable of main 
taining these properties upon long-term, high temperature 
exposure. 

[0003] Porous materials are used in various high tempera 
ture applications, such as industrial processing and the 
automotive industry. Some applications require resistance or 
impermeability to loW surface tension ?uids for extended 
use. For example, porous vents are knoWn for various uses 
in the automotive industry, and alloW for gas ?oW-through 
While providing protection to sensors by minimizing entry of 
Water. The automotive oxygen sensor, Which measures oxy 
gen content in the exhaust gas of an internal combustion 
engine, alloWs outside ambient air into the sensor’s ceramic 
electrode assembly. Since liquid Water entering the sensor 
Will interfere With the functioning of the sensor, it is crucial 
that Water is kept out of the interior of the sensor. 

[0004] Exposure of automotive sensors to other environ 
mental contaminants such as loW surface tension automotive 
?uids, Which are capable of penetrating a vent made of a 
porous material can result in sensor failure. Moreover, 
contaminants such as oil, can block pores of the vent and 
reduce gas-?oW through. 

[0005] In DE 195 41 218 A1, Bosch teach a membrane 
made of a gas permeable and liquid impermeable material 
that covers a vent hole in the body of an electrode assembly. 
The membrane may be made of porous Te?on®, but Bosch 
does not describe an oleophobic coating that may provide oil 
resistance. 

[0006] In Us. Pat. No. 5,089,133, Which issued to NGK, 
a Water-repelling porous material is taught to protect vent 
holes of an oxygen sensor from Water ingress. The Water 
repelling porous material may include compacted glass ?ber, 
compressed graphite, and metallic ?bers each treated With 
Water repellant, hoWever, speci?c Water repellants are not 
taught. 
[0007] Gas ?lters and vent ?lters have been made from 
polymers such as polyole?ns or polytetra?uoroethylene. 
Vents comprised of polytetra?uoroethylene generally have 
Water entry pressure of greater than about 3 psi requiring a 
material With a porosity of about 20%-90% and an air?oW 
of less than about 300 Gurley seconds. HoWever, the ole 
ophobicity of such materials is limited. Liquids With loW 
surface tension such as oil or soap solutions can penetrate 
porous PTFE membranes over time. Anumber of treatments 
such as Scotchguard® from 3M and Zonyl® products from 
Dupont are knoWn to make fabrics oil and Water-resistant. 
Additionally, US. Pat. No. 5,116,650 teach coating a porous 
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material, preferably PTFE, With a copolymer of per?uoro 
2,2-dimethyl-1,3-dioxole and tetra?uoroethylene to form a 
hydrophobic and oleophobic gas permeable material. 

[0008] Other treatments are knoWn that can be used to 
make microporous membranes oil resistant such as those 
described in US. Pat. Nos. 5,462,586, 5,116,650, 5,286,279, 
5,376,441, 6,196,708, 5,156,780, and 4,954,256. These 
treatments generally coat the membrane With a loW surface 
energy polymer in a solvent or aqueous dispersion While still 
keeping the pores open for air ?oW. These treatments 
typically degrade upon long-term thermal exposure and 
thus, are ineffective at maintaining oleophobicity in high 
temperature applications for a time period suitable for 
extended long-term use. 

[0009] Buerger DE 197 30 245 teach an oleophobic treat 
ment for microporous membranes Which can be used in 
applications at temperatures in the range of about 180° C. 
HoWever, this is considerably loWer than the temperature 
required for some high temperature applications. 

[0010] Automotive oxygen sensors are located in the 
exhaust manifold Where the temperature of exhaust gas may 
reach approximately 850° C. to greater than about 1000° C. 
The vent material may reach temperatures of 200° C. to 300° 
C. As the requirement of temperature resistance for auto 
motive oxygen sensors is increasing, there is a need for gas 
permeable materials Which are oleophobic and resistant to 
penetration by Water, and Which maintain these properties 
upon long-term, high temperature exposure. Such materials 
Would be advantageous over the currently available tech 
nology. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to gas permeable, 
oleophobic materials. Preferred materials of the present 
invention maintain oleophobicity When used in high tem 
perature applications. Most preferable are gas permeable, 
oleophobic materials that resist penetration by Water, and 
Which maintaining these properties upon long-term, high 
temperature exposure. 

[0012] The materials of the present invention may be used 
in applications involving gas ?oW-through Where there is a 
need for resistance of penetration by environmental con 
taminants such as, dirt, Water and loW surface tension ?uids 
including oil. The oleophobic and hydrohobic nature of the 
material repels Water, oil and the like, While preventing the 
blockage of pores in a porous substrate that alloW for gas 
?oW-through. One preferred example is an automotive gas 
sensor vent in Which gas is transported through the vent, 
While advantageously inhibiting pass-through by liquid and 
particulate contaminants that could detrimentally affect the 
sensor function. Preferably, such vents are capable of With 
standing long-term exposure to high temperature, While 
maintaining protective properties ensuring the proper func 
tion of the sensor. Thus, automotive gas sensor vents Which 
alloW for gas ?oW-through to a sensor While reducing the 
sensor’s exposure to dirt, oil, Water, automotive ?uids and 
detergents, and Which further exhibit long-term thermal 
resistance are particularly bene?cial. 

[0013] The invention is directed to a gas permeable, 
oleophobic material comprising a porous substrate and a 
coating composition; the coating composition preferably 
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comprises a polymer of tetra?uoroethylene and per?uorom 
ethyl vinyl ether. The coating composition may coat both the 
external and internal surfaces of the porous material. The 
preferred porous substrate is a membrane having pores that 
form pathWays and passages extending through the substrate 
from one surface to another surface, alloWing for gas ?oW 
through. Preferred coating compositions are present on at 
least a portion of the external surfaces and on at least a 
portion of the internal surfaces of the pathWays and passages 
Without blocking the pores. Amethod of using the materials 
of the present invention is also provided. 

DESCRIPTION OF THE FIGURES 

[0014] FIG. 1 shoWs a schematic sectional vieW of an 
oxygen sensor and a membrane vent according to the 
invention. 

[0015] FIG. 2 shoWs an oxygen sensor membrane vent 
according to the invention. 

DETAILED DESCRIPTION 

[0016] In one embodiment of the present invention, illus 
trated by FIG. 1, an automotive gas sensor is provided 
having an automotive gas sensor vent 10 to reduce the 
exposure of a gas sensor from Water and contaminants such 
as oil and dirt Which may enter a sensor by Way of vent holes 
20. The vent illustrated in FIG. 2 having an external surface 
40 comprises a porous substrate and a coating composition 
to provide gas permeability and oleophobicity to the auto 
motive gas sensor in high temperature applications. 

[0017] The gas permeable, oleophobic materials of the 
present invention comprise a porous substrate and a coating 
comprising a polymer Which at least partially coats the 
porous substrate. The porous material can be a fabric or ?lm, 
such as a nonWoven, Woven, or knit fabric, or a scrim, that 
permits the How of gas, such as air. By “porous” is meant a 
substrate that alloWs the passage of gases, especially air, and 
that comprises pores and voids that form passages extending 
through the thickness of the material. The passages prefer 
ably open on both sides of the substrate and may be 
interconnected internally. By “gas-permeable material” is 
meant a porous material that permits the How of air or other 
gases through it, in contrast to a non-porous material in 
Which gas permeation is controlled by solution/diffusion 
mechanisms. Preferred gas permeable materials have a Gur 
ley number of less than about 1000 seconds. 

[0018] The porous substrate can be made of metal, 
ceramic, glass or polymer, and may be sintered or unsin 
tered. The substrates can be used singly or multiply, such as 
in layered or laminated composite articles. Suitable sub 
strates may be in a form such as a sheet, tube or plug. Forms 
may be prepared by any suitable method such as extruding, 
cutting, expanding or Wrapping the porous material. Selec 
tion of appropriate forms and materials Will be made accord 
ing to end use requirements such as ?ltration requirements, 
physical, chemical, and mechanical properties required, 
environmental conditions, costs, manufacturing, etc. 

[0019] An exemplary embodiment of the present inven 
tion is a vent for automotive gas sensors Which may be in 
any form suitable for providing adequate protection to 
sensors including, but not limited to tube, circular disk, or 
other porous member. A preferred embodiment comprises a 
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membrane vent for an automotive oxygen sensor according 
to FIG. 2 having an appropriate shape and measure suf? 
cient to protect the sensor from environmental contaminants 
While alloWing suf?cient gas ?oW-through. 

[0020] Other embodiments of the present invention com 
prise gas permeable, oleophobic materials, Which may be 
used in loWer temperature or ambient temperature applica 
tions. Preferred embodiments of this application include 
vents for use in other automotive applications such as lamp 
housing vents including head-, tail-, and signal lamps, 
electronic control unit vents, including vents for engine 
control units, poWer steering control units, antilock break 
controls, also for use in electrical applications, such as 
radios and portable electronics, electrical boxes, global 
positioning devices and other technical applications such as 
Wireless batteries, speakers With Waterproof covers, Water 
proof ?ashlights, as Well as container vents including rail 
road cars, and industrial containers for drums, and the like. 

[0021] Where it is desirable that the substrate is hydro 
phobic and temperature resistant, porous polytetra?uoroet 
hylene (PTFE) is preferred. Preferably, a microporous 
expanded PTFE (ePTFE) material is made in accordance 
With US. Pat. No. 3,953,566, having a structure of inter 
connected nodes and ?brils. Expanded PTFE suitable for use 
in the present invention contains micropores or voids 
extending through the membrane Which alloWs for good gas 
or air ?oW While providing resistance to liquid or Water 
penetration. Porous PTFE substrates, preferably having a 
Gurley number of 1000 or less, have interstices or pores that 
form passages and pathWays suitable for air floW and that 
comprise internal surfaces extending from one surface of the 
substrate to another surface of the substrate. One preferred 
substrate material comprises a laminate of at least one layer 
of ePTFE and at least one polymer layer. 

[0022] It Was found that preferred porous substrates can be 
coated With a coating composition comprising a polymer 
Which comprises tetra?uoroethylene and per?uoro 
alkyl vinyl ether (PAVE), to produce a material Which is gas 
permeable, and Which is resistant to both Water and oil, and 
Which surprisingly retains these resistant properties at high 
temperatures for extended periods of time. It has been 
surprisingly found that materials and articles of the present 
invention remain ?exible and pliable, and do not become 
brittle after long-term exposure to high temperatures. 

[0023] Apreferred oleophobic material comprise a porous 
substrate and a coating composition comprising a polymer 
of TFE and per?uoromethyl vinyl ether (PMVE), Wherein 
the coating composition coats internal surfaces of the porous 
membrane. Most preferably, the porous substrate comprises 
a porous ePTFE membrane. 

[0024] Suitable polymers comprise PAVE and TFE mono 
mers, Wherein the PAVE monomers have the structure 

CFZICFORf 

[0025] Wherein Rf is a C1-C8 per?uoroalkyl group, and 
preferably, the per?uoroalkyl is a C1-C3 group. Polymers 
comprising PMVE and TFE monomers are most preferred. 
Polymers may comprise PMVE and TFE monomers that are 
present at about 10 and 90 Weight percent PMVE and 
complementally about 90 and 10 Weight percent TFE. Pre 
ferred polymers comprise betWeen about 30 and 80 Weight 
percent PMVE and complementally betWeen about 70 and 
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20 Weight percent TFE. More preferred are polymers having 
between about 30 and 70 Weight percent PMVE and comple 
mentally between about 70 and 30 Weight percent TFE. 

[0026] The polymer may be crosslinkable or non 
crosslinkable, and may optionally comprise other monomer 
units, such as crosslinking monomers. HoWever, coating 
compositions that comprise copolymers of TFE and PMVE 
monomers are most preferred. Polymers or copolymers of 
TFE and PMVE can be made by any method knoWn in the 
art, such as by emulsion polymeriZation. 

[0027] The coating composition may be prepared as a 
solution, emulsion or dispersion of TFE/PMVE polymer. In 
one embodiment, the coating composition may comprise a 
solution of the polymer and a ?uorinated solvent. A dilute 
solution is preferred to maintain the gas permeable nature of 
the porous material. Coating compositions may comprise 
solutions having, for example, from about 0.01% to about 
10% by Weight of the TFE/PMVE polymer. Preferred coat 
ing compositions comprise solutions having from about 
0.1% to about 10%, or from about 0.1 to about 2%, or 
alternately from about 0.1% to about 1%, by Weight of the 
TFE/PMVE polymer. 

[0028] Where the coating composition comprises an emul 
sion of TFE/PMVE polymer, the emulsion may be obtained 
directly from the polymeriZation reaction Where the poly 
meriZation process Was by emulsion polymeriZation. Coat 
ing compositions comprising emulsions have about 0.01% 
to about 20% by Weight of the polymer in an aqueous 
medium; preferably from about 0.1% to about 20%, most 
preferably from about 0.1% to about 4%, or alternately from 
about 0.1% to about 2% by Weight of the polymer. 

[0029] The coating composition may comprise additional 
components, such as crosslinking and/or curing agents. 
Further, the coating composition may comprise Wetting 
components that enable the coating to easily Wet and pen 
etrate the porous material. Wetting agents include but are not 
limited to surfactants, alcohol such as isopropyl alcohol, or 
other loW surface tension liquids. Alcohol or other loW 
surface tension liquids may also be applied to preWet the 
porous material prior to application of the coating compo 
sition. 

[0030] Various processes for applying coating composi 
tions are knoWn to those skilled in the art. The coating 
composition may be applied to the porous substrate by any 
of these knoWn methods, for example, dipping, spraying or 
other roll coating processes, and may be applied to one or 
more external and internal surfaces of the porous substrate. 
Where the passages and pathWays of the porous substrate are 
coated With polymer, it is preferable that the coating is 
applied Without substantially blocking the pores. By the 
term “Without substantially blocking the pores” it is meant 
that the gas permeable nature of the material is maintained. 

[0031] The coated material is dried, for example, in air or 
by heating to remove the Water or solvent, and may be 
further heat-treated to improve the performance of the 
coated material. In one embodiment of the present invention 
it is believed that heating may orient the CF3 groups of the 
coating composition toWard the surface of the coated mate 
rial thereby maximiZing the oleophobic nature of the coating 
and imparting oleophobicity to the porous material. The 
coated material may also be heated to soften the polymer 
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coating, causing the coating to flow over the surface of the 
porous substrate to achieve coating uniformity While main 
taining its gas-permeable characteristic. This is useful for 
eliminating coating defects such as from an improperly 
coated area. 

[0032] In one preferred embodiment, a method is provided 
for protecting an automotive gas sensor (FIG. 1) from 
environmental contaminants. The method comprises 1) pro 
viding an automotive gas sensor for sensing gas in a system, 
and 2) providing a high temperature oleophobic, gas per 
meable vent. Automotive gas sensor vents (FIG. 1 at 10, and 
FIG. 2) made according to the present invention reduce 
exposure of a sensor to loW surface tension ?uids such as oil 
by providing an oleophobic material Which resists Wetting 
by and repels oil. 

[0033] A preferred method comprises 1) providing an 
automotive gas sensor for sensing gas in a system, 2) 
providing a vent comprising an oleophobic gas permeable 
material comprising a porous ePTFE polymer and a coating 
having a polymer comprising TFE and PMVE, and 3) 
positioning the vent in relation to the gas sensor to reduce 
exposure of the gas sensor from the ingress of Water and 
contaminants, such as loW surface tension ?uids including 
oil, Which may enter an automotive sensor by Way of vent 
holes (FIG. 1 at 20). 

[0034] The oleophobicity of a material can be rated as 
described in the Oil Rating test method described beloW 
(according to AATCC test 118-1997), Which evaluates a 
material’s resistance to Wetting by oil. Failure occurs When 
Wetting of the material, as determined by clari?cation of the 
material, occurs Within about 30 seconds. The higher the 
value achieved from the oil rating test, the greater the 
oleophobicity of the material being tested. 

[0035] Preferred materials and articles of the present 
invention are characteriZed as “oleophobic” or “oil resistant” 
materials by having oil values of 3 or greater than three (3), 
and preferably 5 or greater than ?ve (5), and most preferably 
6 or greater than six 

[0036] Preferred oleophobic materials resist degradation 
and have stable oil ratings upon exposure to elevated tem 
peratures. In accordance With the present invention, ole 
ophobic materials are considered having stable oil ratings 
Where the oil rating achieved after thermal exposure remains 
unchanged When compared to the initial oil rating prior to 
heating. Temperature ranges suitable for many automotive 
uses in or near the engine generally include temperatures 
greater than about 160° C.; hoWever, other automotive uses 
in or near an engine have increased temperature require 
ment. Materials of the present invention are oleophobic and 
have stable oil ratings at temperatures at or greater than 
about 220° C., more preferably at or greater than about 250° 
C., even more preferred at or greater than about 275° C. 
Particularly preferred materials of the present invention are 
considered “high temperature materials’, and are resistant to 
degradation and are oleophobic, having stable oil ratings at 
temperatures at or greater than about 300° C. 

[0037] Even upon long term exposure to temperatures 
greater than about 220° C., at or greater than about 250°, and 
at or greater than about 275° C., preferred materials resist 
degradation and have stable oil ratings. For example, high 
temperature materials of the present invention remain oil 
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resistant after exposure to about 250° and 300° C. for at least 
about 7 days, and preferably at least about 14 days, or longer. 
When heated to about 250° and 300° C. for about 14 days, 
preferred high temperature materials have stable oil ratings 
of 3 or greater, more preferably, 5 or greater, and further 
preferred, 6 or greater. The most preferred materials can 
Withstand high temperature exposure for 4000 hours or 
longer and remain oleophobic. 

[0038] Oleophobic, gas permeable materials of the present 
invention Were compared to uncoated substrates and sub 
strates coated With other coatings. Materials of the present 
invention are oleophobic and have stable oil ratings upon 
long-term high temperature exposure. Tables 1, 2, and 3 
illustrate properties of materials of the present invention in 
comparison to other materials. 

Test Procedures 

[0039] Air Permeability 

[0040] The resistance of samples to air How Was measured 
using the Gurley densometer manufactured by Gurley Pre 
cision Instruments (Troy, NY.) in accordance With the 
procedure described in ASTM Test Method D726-58. The 
results are reported in terms of Gurley number, or Gurley 
seconds, Which is de?ned as the time in seconds for 100 
cubic centimeters of air to pass through 1 square inch (6.45 
cm2) of a test sample at a pressure drop of 4.88 inches of 
Water (12.39 cm). Ori?ces of different area may be used; for 
the purposes of the measurements reported here, an ori?ce 
having an area of 0.1 square inches Was used, and the results 
are calculated and reported as an equivalent Gurley that 
Would be obtained using a 1 square inch ori?ce plate. In this 
test a sample is placed betWeen tWo clamping plates. Each 
plate contains an ori?ce of the reported siZe to alloW air to 
pass through. A cylinder providing the desired pressure is 
loWered over the sample. The doWnWard movement of the 
cylinder is a measure of the air?oW rate. Speci?c markings 
on the cylinder indicate the amount of air that has passed 
through the sample. The time for 100 cc of air to pass 
through the sample sandWiched betWeen the plates having 
the given ori?ce is measured. 

[0041] Oil Rating 

[0042] The resistance to Wetting With oil or the degree of 
oleophobicity is measured using an oil rating test (AAT CC 
test method 118-1997). In this test drops of n-alkane are 
placed on the substrate and vieWed for about 30 seconds for 
Wetting as indicated by clari?cation of the substrate. Fully 
Wet-out areas become translucent to transparent. This indi 
cates that the test ?uid has entered sample pores. Samples 
that retain the original opacity have not Wet-out. A higher oil 
rating number indicates a higher degree of oleophobicity. 

[0043] Water Entry Pressure 

[0044] The Water entry pressure (WEP) represents the 
pressure at Which Water penetrates the substrate and passes 
through to the opposite side. The WEP tester Was manufac 
tured by W. L Gore & Associates. The test sample is clamped 
betWeen a pair of testing plates taking care not to damage the 
sample. The loWer plate has the ability to pressuriZe a 
section of the sample With Water. The top plate has a 
transparent WindoW vented to the atmosphere alloWing the 
tester to vieW the sample. A piece of pH paper is placed on 
top of the sample betWeen the sample and top plate on the 
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non pressuriZed side of the sample as an indicator of 
evidence for Water entry or breakthrough. The sample is 
pressuriZed in small increments With the pressure being 
increased until a color change in the pH paper indicates the 
?rst sign of Water breakthrough. The pressure at break 
through is recorded as the WEP of the material. Color 
changes in the pH paper, as a result of Water vapor is not 
considered as evidence of Water breakthrough. The test 
results are taken from the center of the sample to avoid 
erroneous results that may occur from damaged edges. 

EXAMPLES 

Comparative Example 1 

[0045] Uncoated porous expanded PTFE tubes having a 
length of about 13 mm, diameter of about 14 mm, a porosity 
of about 60%, and a Wall thickness of 0.8 mm (manufactured 
by W. L. Gore & Associates, Elkton, Md.) Were compared to 
coated porous PTFE materials described in the folloWing 
examples. Coated and uncoated materials Were tested for air 
permeability (reported in Gurley seconds), Water entry pres 
sure (WEP), and resistance to Wetting With oil (Oil Rating), 
the results of Which may be found in the tables beloW. 

Example 2 

[0046] Porous PTFE tubes Were coated With a solution of 
tetra?uoroethylene/per?uoromethyl vinyl ether (TFE/ 
PMVE) polymer. 

[0047] A TEE/PMVE polymer having about 60% by 
Weight PMVE and about 40% by Weight TFE Was prepared 
by an emulsion polymeriZation reaction; the resulting poly 
mer from the emulsion Was coagulated and puri?ed. A 
coating solution Was prepared by dissolving approximately 
1.0 gram of ground, poWdered TFE/PMVE polymer into 
about 200 grams in FLUORINERT® FC-75 obtained from 
the 3M Company (St. Paul, Minn.). The solution Was heated 
to about 80° C. for about tWo hours to dissolve the polymer. 

[0048] Expanded PTFE tubes according to Example 1 
Were cut in 10 mm lengths and dipped into the coating 
solution for about one minute. The samples Were removed 
and dried in air. The samples Were tested and the results Were 
reported in the tables beloW. 

Example 3 

[0049] Porous PTFE tubes Were coated With a solution of 
per?uoromethyl vinyl ether/tetra?uoroethylene (TFE/ 
PMVE) polymer. 

[0050] A 0.25 Weight % coating solution Was prepared by 
dissolving ground, poWdered TEE/PMVE polymer prepared 
as described in Example 2, in FLUORINERT® FC-75 
obtained from the 3M Company (St. Paul, Minn.). The 
solution Was heated to about 80° C. for about tWo hours to 
dissolve the polymer. 

[0051] Expanded PTFE tubes according to Example 1 
Were cut in 10 mm lengths and dipped into the coating 
solution for about one minute. The samples Were removed 
and dried in air. The samples Were tested, the results of 
Which Were reported in the tables beloW. 
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Example 4 

[0052] Porous PTFE tubes Were coated With a solution of 
per?uoromethyl vinyl ether/tetra?uoroethylene (TFE/ 
PMVE) polymer. 

[0053] A 1.0 Weight % coating solution Was prepared by 
dissolving ground, poWdered TFE/PMVE polymer prepared 
as described in Example 2, in FLUORINERT® FC-75 
obtained from the 3M Company (St. Paul, Minn). The 
solution Was heated to about 80° C. for about tWo hours to 
dissolve the polymer. 

[0054] Expanded PTFE tubes according to Example 1 
Were cut in 10 mm lengths and dipped into the coating 
solution for about one minute. The samples Were removed 
and dried in air. The samples Were tested, the results of 
Which may be found in the tables beloW. 

Example 5 

[0055] Porous PTFE tubes Were preWetted and coated With 
an emulsion of tetra?uoroethylene/per?uoromethyl vinyl 
ether (TEE/PMVE) polymer. 

[0056] A coating composition comprising an emulsion 
containing TEE/PMVE polymer having about 60% by 
Weight of PMVE and about 40% by Weight TFE Was 
obtained by the emulsion polymeriZation reaction of TFE 
and PMVE. The polymer solids content of the emulsion Was 
about 1.7 Weight %. 

[0057] Expanded PTFE tubes according to Example 1 
Were cut in 10 mm lengths and dipped into isopropanol for 
about one hour. The tubes Were removed and place in 
distilled Water for about 12 hours to displace the isopropanol 
from the pores of the tube. The tubes Were then placed into 
50 milliliters of the coating composition. 

[0058] The tubes Were emersed in the emulsion for about 
12 hours. The tubes Were removed and air dried, and 
subsequently dried in a convection oven (model # CSP 
400A-C, Blue M Electric, WatertoWn, Wis.) at about 125° C. 
for about one hour. 

Example 6 

[0059] Porous PTFE tubes Were coated With an emulsion 
of tetra?uoroethylene/per?uoromethyl vinyl ether (TFE/ 
PMVE) polymer. 

[0060] A coating composition Was prepared comprising 
about 1.7% Weight TEE/PMVE emulsion, the polymer hav 
ing about 60% by Weight of PMVE and about 40% by 
Weight TFE in Water. FLUORAD TM FC4430 surfactant (3M 
Company, St. Paul, Minn.) Was added to the emulsion in an 
amount suf?cient to obtain a ?nal concentration of about 5% 
FC 4430. 

[0061] Expanded PTFE tubes according to Example 1 
Were cut in 10 mm lengths. The expanded PTFE tubes Were 
dipped into the emulsion for about 12 hours. The tubes Were 
removed and dried in a convection oven (model # CSP 
400A-C, Blue M Electric, WatertoWn, Wis.) for about 3 
hours at about 150° C. 
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Comparative Example 7 

[0062] Porous PTFE tubes Were coated With a solution of 
?uoroacrylate and per?uorobutenyl vinyl ether. 

[0063] A0.5% solution of approximately 40% ?uoroacry 
late and 60% of a polymer of per?uorobutenyl vinyl ether 
Was made With FLUORINERT® FC-75 (3M Company, St. 
Paul, Minn.) substantially according to Us. Pat. No. 5,462, 
586. The solution Was heated at about 80° C. for about one 
hour to dissolve the polymer in solution. Porous PTFE tubes 
according to Example 1 Were dipped into the solution for 
about one minute and dried in air. The samples Were tested 
and the results Were reported in the tables beloW. 

Comparative Example 8 

[0064] Porous PTFE tubes Were coated With a solution of 
poly (silsesquioxane). 
[0065] A coating solution of poly (silsesquioxane) Was 
prepared according to German Patent DE 19730245. 
Expanded PTFE tubes according to Example 1 Were dipped 
for about one minute in the coating solution and alloWed to 
air dry. 

[0066] Table 1 

[0067] Samples made substantially according to the 
Examples above Were tested for air permeability, Water entry 
pressure and resistance to Wetting With oil, the results of 
Which are found in Table 1. The samples Were cut along the 
axial direction, then opened and laid ?at to ?t into the testing 
?xtures. 

TABLE 1 

WEP kPa 

Gurley (seconds) (psi) Oil Rating 

Comparative Example 1 56 110 (16) 1 
Example 2 22 62 (11) 5 
Example 3 47 83 (12) 5 
Example 4 32 90 (13) 6 
Example 5 45 90 (13) 3 
Example 6 16 62 (9) 5 
Comparative Example 7 47 90 (13) 8 
Comparative Example 8 24 103 (15) 8 

[0068] Table 2 

[0069] Samples prepared substantially according to the 
Examples above Were tested for resistance to Wetting With 
oil after long-term exposure to elevated temperature. The 
samples Were placed in an oven and held at about 250° C. 
for 7 days and 14 days. The samples Were removed from the 
oven, cooled to ambient temperature, and tested for resis 
tance to Wetting With oil. The results are found in Table 2. 

TABLE 2 

Oil Rating after heat exposure at 250° C. 

Oil Rating 

Initial 7 days 14 days 

Comparative Example 1 1 1 1 
Example 2 5 6 6 
Example 3 5 6 6 
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TABLE 2-continued 

Oil Rating after heat exposure at 250° C. 

Oil Rating 

Initial 7 days 14 days 

Example 4 6 6 6 
Comparative Example 7 8 4 2 
Comparative Example 8 8 3 2 

[0070] Table 3 

[0071] Samples prepared substantially according to the 
Examples above Were tested for resistance to Wetting With 
oil after long-term exposure to elevated temperature. The 
samples Were placed in an oven and held at about 300° C. 
for 7 days and 14 days. The samples Were removed from the 
oven, cooled to ambient temperature, and tested for resis 
tance to Wetting With oil. The results are found in Table 3. 

TABLE 3 

Oil Rating after heat exposure at 300° C. 

Oil Rating 

Initial 7 days 14 days 

Comparative Example 1 1 1 1 
Example 2 5 5 5 
Example 3 5 5 5 
Example 4 6 6 6 
Comparative Example 7 8 2 3 
Comparative Example 8 8 1 1 

We claim: 
1. An article comprising 

a vent that comprises 

an oleophobic, gas permeable material comprising 

a porous substrate and 

a coating composition comprising a polymer com 
prising tetra?uoroethylene and per?uoroalkyl 
vinyl ether. 

2. The article of claim 1, Wherein the porous substrate is 
substantially coated With the coating composition. 

3. The article of claim 1, Wherein the porous substrate has 
internal surfaces Which are substantially coated With the 
coating composition. 

4. The article of claim 1, Wherein the porous substrate is 
selected from sintered or unsintered metal, ceramic and 
polymer. 

5. The article of claim 1, Wherein the porous substrate 
comprises a polymer. 

6. The article of claim 5, Where in the porous polymer 
comprises expanded polytetra?uoroethylene. 

7. The article of claim 1, Wherein the coating composition 
comprises at least one crosslinking monomer. 
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8. The article of claim 1, further comprising at least one 
curing agent. 

9. The article of claim 1, Wherein the polymer is 
crosslinked. 

10. The article of claim 1, Wherein per?uoroalkyl vinyl 
ether is a Cl-C3 per?uoro alkyl group. 

11. The article of claim 1, Wherein per?uoroalkyl vinyl 
ether is per?uoromethyl vinyl ether. 

12. The article of claim 11, Wherein the polymer is a 
copolymer of tetra?uoroethylene and per?uoromethyl vinyl 
ether. 

13. The article of claim 11, Wherein the copolymer 
contains between about 10 and 90 Weight percent per?uo 
romethyl vinyl ether and complementally about 90 and 10 
Weight percent tetra?uoroethylene. 

14. The article of claim 11, Wherein the copolymer 
contains between about 30 and 80 Weight percent per?uo 
romethyl vinyl ether and complementally about 70 and 20 
Weight percent tetra?uoroethylene. 

15. The article of claim 1, Which exhibits an oil rating of 
5 or greater When exposed to temperatures of 250° C. or 
greater. 

16. The article of claim 1, Which exhibits a stable oil 
rating When exposed to temperatures at or above 250° C. for 
greater than 14 days. 

17. The article of claim 16, Wherein the oil rating is 3 or 
greater. 

18. The article of claim 16, Wherein the oil rating is 5 or 
greater. 

19. The article of claim 1, Wherein the vent is an auto 
motive gas sensor vent. 

20. The article of claim 19, Wherein the automotive gas 
sensor vent is an oxygen sensor vent. 

21. The article of claim 1, Wherein the vent is a lamp 
housing vent. 

22. The article of claim 1, Wherein the vent is a vent for 
an electronic control unit. 

23. An automotive gas sensor comprising 

a vent for reducing exposure of the sensor to loW surface 
tension ?uids, Wherein the vent comprises 

an oleophobic gas permeable material comprising: 

an expanded polytetra?uoroethylene substrate and 

a coating comprising a copolymer of tetra?uoroeth 
ylene and per?uoroalkyl vinyl ether. 

24. Amethod of protecting an automotive gas sensor from 
environmental contaminants comprising: 

providing an automotive gas sensor for sensing gas in a 
system, and 

providing a vent comprising an oleophobic gas permeable 
material comprising: 

a porous polymer and 

a coating having a polymer comprising tetra?uoroeth 
ylene and per?uoroakyl vinyl ether. 

* * * * * 


